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(7) ABSTRACT

For a nonvolatile memory permitting electrical writing and
erasing of information to be stored, such as a flash memory,
the load on the system developer is to be reduced, and it is
to be made possible to avoid, even if such important data for
the system as management and address translation informa-
tion are damaged, an abnormal state in which the system
becomes unable to operate. The nonvolatile memory is
provided with a replacing function to replace a group of
memory cells including defective memory cells which are
incapable of normal writing or erasion with a group of
memory cells including no defective memory cell, a num-
bers of rewrites averaging function to grasp the number of
data rewrites in each group of memory cells and to so
perform replacement of memory cell groups that there may
arise no substantial difference in the number of rewrites
among a plurality of memory cell groups, and an error
correcting function to detect and correct any error in data
stored in the memory array, wherein first address translation
information deriving from the replacing function and second
address translation information deriving from the numbers
of rewrites averaging function are stored in respectively
prescribed areas in the memory array, and the first address
translation information and second address translation infor-
mation concerning the same memory cell group are stored in
a plurality of sets in a time series.
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NONVOLATILE MEMORY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser. No.
10/667,505 filed Sep. 23, 2003 now U.S. Pat. No. 6,788,575.

BACKGROUND OF THE INVENTION

The present invention relates to a nonvolatile memory
which permits electrical writing and erasion of information
to be stored, and to a technique that can be effectively
applied to a flash memory provided with a replacing func-
tion to any defective area in memory array and having an
area in which to store a management information table for
managing defective addresses.

A flash memory uses as its memory cells nonvolatile
memory elements each consisting of a double gate-
structured MOSFET having a control gate and a floating
gate, and is caused to store information by varying the
accumulated charge of the floating gate and thereby varying
the threshold voltage of the MOSFET.

In a flash memory, the threshold voltage is varied when
data are to be written into memory cells or data therein are
to be erased, the currently available manufacturing tech-
niques cannot avoid uneven variations of the threshold
voltage due to uneven characteristics of memory cells even
if writing or erasion is done under the same conditions, and
sometimes there arise a defective memory cell or cells which
do not allow sufficient threshold voltage variation.

A conventional flash memory is often provided with a
replacing function to replace a prescribed memory area,
when there arises any defective memory cell not allowing
the threshold voltage to vary sufficiently, involving that
defective memory cell with another normal memory area
and another area in which to store management table infor-
mation for managing defective addresses.

SUMMARY OF THE INVENTION

However, a conventional flash memory is usually
designed to undergo rewriting of management table infor-
mation for managing defective addresses and other such
functions by an external controller. Moreover, since the
reliability of data in a flash memory is less than that of data
in a mask ROM or RAM because of threshold voltage
fluctuations in memory cells and their aging, in configuring
a system using any flash memory the reliability of data is
increased by equipping the external controller with an error
checking and correcting function known as ECC. For this
reason, a conventional flash memory imposes a greater load
on the system developer when a new system using any flash
memory is to be developed.

A conventional flash memory involves another problem
that, where a storage area containing any defective memory
cell is used as a system area for storing important data for the
system, such as table data for managing file positions on the
memory, format information and address translation
information, it may become impossible to recognize the
memory or for the system to operate normally.

An object of the present invention is to make it possible
to reduce the load on the system developer by using a
nonvolatile memory which permits electrical writing and
erasion of information to be stored, such as a flash memory.

Another object of the invention is to make it possible, in
a nonvolatile memory which permits electrical writing and
erasion of information to be stored, such as a flash memory,
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to prevent the system using it from running into an abnormal
state in which the system becomes unable, and enable the
system to operate even if important data for the system, such
as management and address translation information, are
damaged.

The above-stated and other objects and novel features of
the present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings.

Typical aspects of the invention disclosed in this appli-
cation will be briefly described below.

Thus, according to a first aspect of the invention, a
nonvolatile memory permitting electrical writing and eras-
ing of information to be stored, such as a flash memory, is
provided with a replacing function to replace a group of
memory cells including defective memory cells which are
incapable of normal writing or erasion with a group of
memory cells including no defective memory cell; a num-
bers of rewrites averaging function to grasp the number of
data rewrites in each group of memory cells and to so
perform replacement of memory cell groups that there may
arise no substantial difference in the number of rewrites
among a plurality of memory cell groups; and an error
correcting function to detect and correct any error in data
stored in the memory array, wherein first address translation
information deriving from the replacing function and second
address translation information deriving from the numbers
of rewrites averaging function are stored in respectively
prescribed areas in the memory array, and the first address
translation information and second address translation infor-
mation concerning the same memory cell group are stored in
a plurality of sets in a time series.

As the nonvolatile memory described above has a replac-
ing function and an error correcting function, there is no
need to cause an external controller to process replacement
or error correction, it is made possible to reduce the load on
the system developer and, since a plurality of sets of address
translation information are stored, it is further made possible
to avoid, even if any set of address translation information
is lost, an abnormal state in which the system becomes
unable to operate by having another set of such information
substituted for the lost information.

Preferably, the memory array should be provided with two
or more areas which do not affect each other even if power
supply is interrupted during the process of writing into or
erasing data in any of the memory cell groups, and the plural
sets of first address translation information and second
address translation information be stored successively in the
two or more second areas. This makes it possible to prevent,
even if data in any area in which address translation infor-
mation is to be stored are lost as a result of writing or
erasion, such information stored in other areas from being
lost, and to avoid without fail an abnormal state in which the
system becomes unable to operate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an embodiment of
flash memory as an example of nonvolatile memory to
which the present invention can be effectively applied.

FIG. 2 illustrates the concept of replacement according to
a first formula in the flash memory of this embodiment.

FIG. 3 illustrates the concept of replacement according to
a second formula in the flash memory of this embodiment.

FIG. 4 illustrates the overall configuration of the flash
memory of this embodiment.
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FIG. § is a flow chart of the sequence of processing by the
managing section of the flash memory of this embodiment.

FIGS. 6(A) to 6(C) show an example of configuration of
each sector in regular areas and alternative areas of the flash
memory of this embodiment, in which FIG. 6(A) shows the
configuration of a data area and FIG. 6(B) shows the
configuration of a sector management area where the flash
memory is set to an AND or a NAND specification, and FIG.
6(C) shows the consiguration of a sector management arca
where the flash memory is set to a SAND specification.

FIG. 7 illustrates a schematic configuration of the man-
agement table in the flash memory of this embodiment.

FIGS. 8(A) to 8(D) illustrate a detailed configuration of
each of the areas constituting the management table in the
flash memory of this embodiment.

FIG. 9 illustrates the concept of averaging the number of
rewrites in the flash memory of this embodiment.

FIG. 10 illustrates the manner of hysteresis management
of the management table in the flash memory of this embodi-
ment.

FIG. 11 illustrates an example of work RAM configura-
tion in the flash memory of this embodiment.

FIG. 12 is a flow chart showing the sequence of process-
ing in the flash memory of this embodiment to read data in
the management table area out of the flash memory array
into the work RAM.

FIG. 13 is a flow chart showing a detailed procedure of
table copying in the flow chart of FIG. 12.

FIG. 14 is a flow chart showing the procedure in the flash
memory of this embodiment to store data in the management
table area out of the work RAM into flash memory array.

FIG. 15 is a flow chart showing the procedure of address
translation in the flash memory of this embodiment.

FIG. 16 is a flow chart showing the sequence of process-
ing at the time of turning on power supply in the flash
memory of this embodiment.

FIG. 17 is a timing chart showing the timing of automatic
reading at the time of turning on power supply.

FIG. 18 is a flow chart showing the procedure that is taken
if any abnormal writing arises in write processing in the flash
memory of this embodiment.

FIG. 19 is a flow chart showing the procedure that is taken
if any abnormal erasion arises in erase processing in the flash
memory of this embodiment.

FIG. 20 is a timing chart showing the flow of usual data
reading operation in the flash memory of this embodiment.

FIG. 21 is a timing chart showing the flow of sequential
data reading operation in the flash memory of this embodi-
ment.

FIG. 22 is a timing chart showing the flow of data
rewriting operation in the flash memory of this embodiment.

FIG. 23 is a timing chart showing the flow of data erasing
operation in the flash memory of this embodiment.

FIG. 24 is a timing chart showing the flow of operation to
shift to the deep standby mode and that to return from thee
deep standby mode to the usual operation mode in the flash
memory of this embodiment.

FIG. 25 is a timing chart showing the flow of operation
known as hot restart that takes place at the time of turning
on power supply in the flash memory of this embodiment.

FIG. 26 is a diagram illustrating an example of system
configuration using the flash memory of this embodiment.

FIGS. 27(A) and 27(B) are timing charts showing the
signal timings between the CPU and the flash memory in the
system of FIG. 26.
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FIGS. 28(A) and 28(B) are flow charts showing the
procedure of operation taken when test commands have
been entered in the flash memory of this embodiment.

FIG. 29 is a flow chart showing the sequence of process-
ing at the time power supply is turned on in the flash memory
of another embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One preferred embodiment of the present invention will
be described in detail below with reference to the accom-
panying drawings.

FIG. 1 is a block diagram illustrating an embodiment of
flash memory as an example of nonvolatile memory to
which the present invention can be effectively applied. The
flash memory of this embodiment is composed of a host
interface section 101 to perform inputting and outputting of
signals to and from a controller, such as an external host
CPU, an interface control section 110 to control the host
interface section 101, a memory section 120 consisting of a
flash memory array 121 in which a plurality of nonvolatile
memory elements (memory cells) are arranged in a matrix
and its peripheral circuits, and a managing section 130 to
manage defective addresses and the like. These elements are
formed over a single semiconductor chip, such as a monoc-
rystalline silicon chip.

Whereas conventional flash memories include a plurality
of kinds of chips differing in the specification of external
terminals, and the flash memory of this embodiment is so
configured as to be able to apparently operate as a chip of a
specification known as the NAND type, one of a specifica-
tion known as the AND type or one of a specification known
as the Super AND (SAND) type out of the plurality of
conventional types, and as which of these types it is to
operate is determined by the bonding option, i.e. the set state
of a prescribed bonding pad B.O. connected to the interface
control section 110. A difference in specification means
differences in the types and arrangement of external termi-
nals.

In this embodiment of the invention, the flash memory
array 121 of the memory section 120 consists of the AND
type in which a plurality of memory cells are connected in
parallel between bit lines and source lines, though it is not
limited to this configuration. When the interface control
section 110 is set to “AND” in terms of the aforementioned
bonding option, any command from outside entered into the
interface control section 110 is supplied as it is to the
memory section 120.

The interface control section 110 is configured of inter-
faces for converting commands according to the setting by
the bonding option including a NAND/AND interface 111
which, if the interface control section 110 is set to “NAND”,
converts commands of the NAND specification into com-
mands of the AND specification and supply them to the
memory section, a SAND/AND interface 112 which, if the
interface control section 110 is set to “SAND?, analyzes
commands of the SAND specification and generates control
signals for the memory section 120 and the managing
section 130, and an interface selector circuit 113 for select-
ing signals for supply to the memory section 120 between
signals coming via either of these interfaces 111 and 112 and
signals from the managing section 130.

The memory section 120 is configured of the flash
memory array 121 including nonvolatile memory elements,
a power supply circuit 122 for generating voltages needed
for writing data into and erasing data in the memory array
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121, two buffer memories 123A and 123B for temporarily
storing write addresses and write data to be supplied to the
flash memory array 121 and read addresses read out of the
flash memory array 121, a relieving circuit 124 for trans-
lating the address when an area containing any defective
memory cell is replaced in a prescribed unit (e.g. a segment
consisting of 128 sectors) with a normal area, and an AND
control circuit 125 for generating an actuation signal for the
power supply circuit 122, supplying an address entered via
the host interface section 101 to the relieving circuit 124 and
converting read data and write data.

The flash memory array 121 includes a decoder for
decoding addresses and selecting word lines and a sense
amplifier for amplifying signals on bit lines in addition to the
memory array. Each of the memory cells constituting the
memory array 121 consists of a MOSFET having a floating
gate and a control gate, and is caused to store information by
a variation in the threshold voltage according to the quantity
of electric charges injected to the floating gate. The buffer
memories 123A and 123B consist of, though not limited to,
SRAMs. Whether to cause the relieving circuit 124 to
perform segment-by-segment replacement is determined
according to the result of wafer test.

The managing section 130 is configured of an inter-circuit
block interface 131 for enabling signals to be exchanged
between the interface control section 110 and the managing
section 130, a sequencer 132 consisting of a programmed
control type controller, such as a CPU, for controlling
operations within the chip, a sequencing ROM 133 for
storing the operations of the sequencer in a form like a
microprogram consisting of control codes, a register 134 for
use by the sequencer, a work RAM 135 for developing an
address translation table or providing a work area for the
sequencer 132, an ECC circuit 136 for checking and cor-
recting errors, and a DMA transfer control circuit 137 for
controlling data transfers between the memory section 120
and the work RAM 135 or the ECC circuit 136.

In the flash memory of this embodiment, the memory
array 121 is so configured that the unit writing is a group of
memory cells consisting of 2112 bytes (hereinafter referred
to as a sector) connected to a single word line. Further in the
memory array 121, the management of areas is differentiated
between a regular area and a reserve area for replacing a
sector containing any defective memory cell in the regular
area. A defective address management table to establish
correspondence of sectors in the regular area to sectors in the
reserve area is generated by the managing section 130 and
stored into the flash memory array 121. During normal
operation, the defective address management table is devel-
oped in the work RAM 135 and referenced. When an address
entered from outside designates a sector containing a defec-
tive memory cell, this defective address management table
is referenced to translate the entered address into an address
designating an alternative sector in the reserve area, and the
flash memory array 121 is accessed according to this trans-
lated address. The defective sector is thereby replaced.

Further in the flash memory of this embodiment, two
different formulas of replacement processing are available.
FIG. 2 illustrates the concept of replacement according to a
first formula. In this first formula of replacement processing,
the flash memory array 121 is divided into a regular area and
a reserve area for replacing a sector containing any defective
memory cell in the regular area. Each sector is further
divided into a data area for storing data as such (user data)
and a sector management information area for storing an
MGM code indicating whether or not a given sector contains
any defective memory cell, an error correction code and so
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forth. The regular area consists of N segments (N=64, for
instance) each consisting of n sectors (n=128, for instance).
The reserve area is also composed of N segments (of which
the number of sectors is variable) corresponding to the N
segments of the regular area, and the segments in the regular
area are in one-to-one correspondence with those in the
reserve area.

Sector management information in the management table
is composed of an entry ENT consisting of an information
column ADL indicating the position of any defective sector
in the replacing source and a flag FL.G indicating whether or
not the alternative sector is a good sector or a defective
sector. For instance if an alternative sector Nn+2 in FIG. 2
is defective, “1” is set on the flag of the corresponding entry.
In each entry of the management table, information indicat-
ing the position of a defective sector is registered as a value
of offset OFS from the leading address of the segment.
Entries of the sector management information in the man-
agement table are in one-to-one correspondence with sectors
in the reserve area.

The managing section 130, if for instance the sector of the
physical address “2” in FIG. 2 is found to be a defective
sector as a result of write operation, stores data into an
alternative sector (e.g. Nn+1) of segment 0 in the alternative
area corresponding to segment O in the regular area to which
the pertinent sector belongs. Upon successtul storing of the
data, the offset value “0002h” of the sector of the replacing
source is stored into the entry, corresponding to this sector,
in the management table and, at the same time, the flag is set
to “0”. Further, the managing section 130, when accessing a
sector in segment 0 of the regular area, computes the offset
value from the address of the pertinent sector, judges
whether or not it is a defective sector by successively
referencing entries in segment O of the management table
and, if it is registered as a defective sector, accesses a sector,
corresponding to that entry in the reserve area. Address
translation takes place on this occasion.

This replacement formula permits a reduction in the data
quantity of the table, i.e. the storage capacity of the work
RAM 135, because it divides the regular area into segments
for the management purpose and therefore offset values can
be used, instead of physical addresses, as sector position
information to be registered in the defective address man-
agement table. The length of time taken to search the
management table can be shortened accordingly.

FIG. 3 illustrates the concept of replacement according to
a second formula. While the processing of replacement
according to the first formula divides both the regular area
and the alternative area of the flash memory array into
segments, that according to this second formula involves no
division into segments, but a defective sector having arisen
anywhere in the regular area is replaced by some sector in
the alternative area. This formula, though it necessitates a
greater data quantity of the table, i.e. a greater storage
capacity of the work RAM 135, and accordingly a greater
length of time taken to search the management table because
physical addresses are used as defective sector position
information to be registered in the management table, it has
its own advantages that the alternative area can be utilized
more efficiently, computation of offset values and the like
can be dispensed with and the processing of replacement is
simplified. More specifically, while the first formula requires
a change in the segment size in the reserve area if defective
sectors subsequently arise concentratively in a given
segment, the second formula needs no such change.

To add, instead of selectively applying either the first
formula or the second formula of replacement processing, it
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is also conceivable to apply the first formula to replacement
of any defective sector detected in the testing stage and to
apply the second to the replacement of any defective sector
that has emerged in a state of regular use after the shipment
of the product. Further, as shown in FIG. 4, it is also
conceivable to provide in the alternative area an alternative
segment area of which the maximum number of alternative
sectors is variable, an alternative segment area of which the
maximum number of alternative sectors is fixed, and a
reserve alternative area, to apply the first formula using the
alternative segment area of which the maximum number of
alternative sectors is variable to the replacement of any
defective sector detected in the testing stage, the first for-
mula using the alternative segment area of which the maxi-
mum number of alternative sectors is fixed to the replace-
ment of any defective sector that has emerged in a state of
regular use after the shipment of the product, and the second
formula of using the reserve alternative area to the replace-
ment of any defective sector that has emerged in a segment
for which all the sectors of the alternative segment have been
used up.

FIG. 5 shows the sequence of processing by the managing
section in a system using a flash memory in which the first
formula applying the alternative segment area of which the
maximum number of alternative sectors is fixed until mid-
way in the processing to the replacement of any defective
sector arising in a state of regular use and the second formula
of using the reserve alternative area to the replacement of
any defective sector that has emerged in a segment for which
all the sectors of the alternative segment have been used up.
When an external control device such as a host CPU
(hereinafter referred to as an external device) transmits a
command and an address to the flash memory, the flash
memory receives them and first computes the corresponding
segment and offset on the basis of the received logical
address (steps S1 and S2).

Next, by referencing segment management information in
the defect management table, it is determined whether or not
the sector to be accessed is a defective sector (steps S3 and
S4). If it is determined to be a defective sector, address
translation is performed to designation an alternative sector,
corresponding to the pertinent entry in the alternative seg-
ment (step S5). On the other hand, if no defective sector is
detected in the determination at step S4, the reserve alter-
native area management information in the defect manage-
ment table is referenced to determine whether or not the
sector to be accessed is a defective sector (steps S6 and S7).
If it is determined to be a defective sector, address transla-
tion is performed to designate a corresponding alternative
sector in the reserve alternative area (step 58).

On the other hand, if no defective sector is detected in the
determination at step S4 and step 57, a corresponding sector
in the regular area is designated directly (step S9). After that,
the designated sector is accessed, and data are either read or
written (step S10). Then, if the received command is a read
command, the written data are or, if it is a write command,
a signal indicating the end of writing or a status is trans-
mitted to the external device to end the processing (step
S11).

FIGS. 6(A) to 6(C) show an example of configuration of
each sector in regular areas and alternative areas. The sectors
are divided into, for instance, a 2096-byte data area and a
16-byte sector management area, of which the configuration
of the data area is shown in FIG. 6(A), and that of the sector
management area where the flash memory is set to the AND
or the NAND specification is shown in FIG. 6(B). FIG. 6(C)
shows the configuration of the sector management area
where the flash memory is set to the SAND specification.
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The data area of each sector, as shown in FIG. 6(A), is
composed of four 512-byte page areas Page O through Page
3, 8-byte management areas for storing management
information, each corresponding to one or another of the
page areas, and areas for storing 16-byte error correcting
codes ECCO and ECCI1. In the flash memory of this
embodiment, a data area change command is available, and
when only a read command is entered, data in the 512-byte
page areas Page O through Page 3 are read to outside the
chip. If a read command is entered after a data area change
command is entered, data of 520 bytes including the 512-
byte page areas Page O through Page 3 and the following
data of 8 bytes each are read to outside the chip. Instead of
changing the data unit by using a command, it is conceivable
to make available a plurality of commands or to adopt a
configuration in which the read data unit is changed accord-
ing to a mode set by a bonding option. It is also conceivable
to use the management area following each page area for
storing the ECC code of data in the corresponding page area.

Each sector management area, as shown in FIG. 6(B),
consists of an area for storing an MGM code indicating
whether or not the pertinent sector is a good sector, an area
for storing an identification code of the sector, an area for
storing a management header for managing the hysteresis of
the management area, an area for storing management
information on the averaging of the numbers of rewrites
(arrangement and the counts of erasing) (WL processing),
and an area for storing error correction codes CECCO,
CECC1 and HECC. A sector management area set to the
SAND specification as shown in FIG. 6(C), has a smaller
area for storing management information on the averaging
of the numbers of rewrites than in the case of NAND or
AND and a larger area for storing a management header.

FIG. 7 and FIGS. 8(A) to 8(D) illustrate the configuration
of individual sectors in the management table area. FIG. 7
illustrates the overall configuration of a sector, and each of
FIGS. 8(A) through 8 (D), a detailed configuration of each
of the areas shown in the areas shown in FIG. 7. Each sector
in the management table area, as shown in FIG. 7, is divided
into an area setting area for storing information indicating
the area of the management table, a swap management area
for storing information on substitution on a segment-by-
segment basis, an area for storing management information
on alternative segments, an area for storing management
information on reserve alternative areas, and an arca for
storing management information on the averaging of the
numbers of rewrites. Though not shown in FIG. 7, an area
for storing error correction codes is also provided at the end.
FIG. 8(A) shows the configuration of the swap management
area, FIG. 8(B), that of alternative segment management
areas, FIG. 8(C), that of the alternative area management
area, and FIG. 8(D), that of the area for the management arca
of the averaging of the numbers of rewrites.

Next will be described the averaging of the numbers of
rewrites.

The averaging of the numbers of rewrites in a conven-
tional flash memory is to search, when the number of
rewrites in a given sector has reached a certain level, for a
sector whose number of rewrites is the smallest and to
replace the address. Unlike that, the averaging of the num-
bers of rewrites in the flash memory of this embodiment, as
shown in FIG. 9, is block-by-block processing, in which
each of the blocks which constitute the flash memory array
consists of 1024 sectors, and when the number of rewrites in
a given sector has reached a certain level, addresses are
successively rotated by one block at a time so as to store the
data in that sector into a sector in the same offset position in
an adjoining block.
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More specifically, referring to FIG. 9, when the number of
rewrites in the sector of offset address 1 in block O has
reached a prescribed number m (m=1000 for instance) as
seen in (A)—(B), data B in the sector of offset address 1 in
block 0 are shifted to and written into the sector of offset
address 1 in block 1 as shown in (C), data G in the sector of
offset address 1 in block 1 are shifted to and written into the
sector of offset address 1 in block 2, data J in the sector of
offset address 1 in block 2 are shifted to and written into the
sector of offset address 1 in block 3, and so forth. Thus by
successive shifting from one block to next, data and the
number of rewrites are stored. Further, interlocked with the
shifting of the data writing area, the number of shifts per
offset is written into and stored in the numbers of rewrites
averaging management area.

The conventional way of averaging the numbers of
rewrites, by which, when the number of rewrites in a given
sector has reached a certain level, a sector whose number of
rewrites is the smallest is searched for and address replace-
ment is performed has the disadvantage that a considerable
length of time is taken to find a sector whose number of
rewrites is the smallest and that the size of the address
translation table becomes great. By contrast, the shift-type
method of averaging the numbers of rewrites used in this
embodiment of the invention has the advantages that the
processing to determine the sector to which data are to be
shifted and the address of the destination of the shift can be
obtained by computation, thereby making the address trans-
lation table unnecessary. As the numbers of rewrites aver-
aging management area has only to store the number of
shifts, consisting of no more than a few bits, the required
storage area can be far smaller than where addresses are to
be stored.

Next will be described the work RAM 135.

In the flash memory of this embodiment, when power
supply is turned on, table data stored in the management
table areas of the memory array 121 are read out into and
developed in the work RAM 135. Its configuration is such
that, while the power supply is on, the data in the memory
array 121 are not rewritten even if the table data are updated,
and when the power supply is turned off, data in the work
RAM 135 are stored into the management table areas of the
memory array 121. Moreover, this embodiment has a con-
figuration in which, as shown in FIG. 10, two management
table areas available in the memory array are alternately
used to store table data and each of the management table
areas is further divided into a plurality of (e.g. eight) areas
to store the data sequentially. It is also conceivable to
rewrite, if table data are updated when the power supply is
on, data in the management table on the work RAM and to
rewrite table data in the corresponding management table in
the memory array 121.

As stated above, by reading out into and developing on
the work RAM 135 table data stored in the management
table areas of the flash memory array 121, the determination
of whether or not the access address is the address of a
defective sector and the acquisition of the address of an
alternative sector can be accomplished in a short period of
time. Furthermore, the configuration in which table data are
stored alternately into one or the other of two management
table areas makes possible, even if all the data in one of the
management table areas are lost by a power interruption
during rewriting, data in the management table of one
generation before can be reproduced. In addition, the con-
figuration in which each management table area is divided
into a plurality of areas into which data are sequentially
stored results in realization of averaging of the numbers of
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rewrites within the management table area, thereby making
it possible to prevent the reliability of data from being
deteriorated by the surpassing of a bearable limit of the
number of rewrites.

Incidentally in this embodiment, since the quantity of
table data is not too large to be accommodated in the data
area of one sector having a storage capacity of 2096 bytes,
each management table storage area is made corresponding
to one sector, and each of the management table areas 0 and
1 is provided corresponding to one block. Further in FIG. 10,
the management headers represent the positions of manage-
ment tables stored in different areas in temporal order. Thus,
the management table stored in the area bearing the biggest
management header number is the latest table, and the
management table stored in the area bearing the smallest
management header is the earliest table. Therefore, if the
sequencer 132 references all the management headers in the
management table areas within the flash memory array 121
and reads out the table data having the largest value among
them, the latest management table can be obtained.

FIG. 10 shows how a management table stored in the area
bearing the management header “15” in the management
table area (1) is read into the work RAM 135, updated
according to writing into the flash memory array, and stored
into the area bearing the management header “0” in the
management table area (0). In the management header of the
management table immediately after reading out to the work
RAM is stated “15”, a sector address “2007h” is stated in the
main address column, and a sector address “217Fh”
(management header=“14") stored in the management table
one before is stated in the reserve table address column.

Then, this management table loaded on the RAM is
updated, and the management header of the management
table is changed from “15” to “16”. In the main table address
column is stated the sector address “2178h” of the area
whose management header number is the smallest (the
management header=“0" in FIG. 10) in the management
table area (0) in which the pertinent table is to be stored next,
and in the reserve table address column is stated the sector
address “2007h” (the management header=“15") at which
the table was stored when it was read out. When power
supply is interrupted, management table data on the RAM
are stored in accordance with the updated sector address of
the main table address column.

The term “reserve table” is used here because, according
to the management table storage formula of this embodiment
of the invention, if the current or the latest management table
data are lost or damaged for any reason, the management
table one before can be read out and used. If data in that
management table one before is found abnormal, data in the
management table another before can be used. This enables
important data for the system to be restored, and makes it
possible to minimize the risk of such abnormality that the
memory can no longer be recognized or the system cannot
be actuated.

FIG. 11 illustrates a typical configuration of the work
RAM 135. As shown in FIG. 11, the work RAM 135 consists
of a good sector code storage area GCA, an identification
code storage area DCA, a management header storage area
MHA, a setting storage area RNA for averaging the numbers
of rewrites, a defect management table storage area IMA, a
storage area RMA for the numbers of rewrites averaging
management tables, a sequencer work area WKA, a main
table address storage area MAA in which the management
tables for use at the time of reading are stored, and a reserve
table storage area RAA indicating the address at which the
management table at the time of previous reading was
stored.
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Data in other areas than the work area WKA are read out
of the flash memory array 121 at the time power supply is
turned on, and developed in the various areas constituting
the work RAM 135. Updating of the defect management
table ensuing from replacement processing when a defective
sector is detected anew during operation and updating of the
management table in connection with the averaging of the
numbers of rewrites when a sector in which the number of
rewrites has reached a prescribed level are carried out on the
work RAM 135. Updating of the main table address and the
reserve table address takes place when data in the work
RAM 135 are stored into the flash memory array 121.

FIG. 12 shows the sequence of processing to read data in
the management table area out of the flash memory array
121 into the work RAM 135.

The sequencer 132 first searches the management table
area (0) of the flash memory array (step S21). Then it checks
the identification code to judge whether or not there are
effective management table data (step S22). If no effective
management table data are found in the management table
area (0) here, the process goes ahead to step S33 to search
the management table area (1) and check the identification
code to judge whether or not there are effective management
table data (step S34). If no effective management table data
are found in the management table area (1) here again, the
processing is ended as an error is determined to have arisen.

If an effective management table is found in the manage-
ment table area (1) at step S34, the management header is
referenced, data in the table whose management header
number is the largest in the management table area (1) are
loaded onto the work RAM, and the address of that table is
registered as the main table address (step S35). Then, the
process shifts to table copying (step S40) to copy those table
data into the management table area (0). In case data in one
of the management table area have been destroyed, a situ-
ation in which effective data in both of the management table
areas have been lost can be avoided by copying data in the
other management table area.

If at step S22 above it is judged by checking the identi-
fication code that there are effective management table data
in the management table area (0), the process shifts to step
S23 to read management headers out of all the sectors in the
management table area (0), to load onto the work RAM data
in the table whose management header number is the largest,
and to register the address of that table as the main table
address (step S24). Next, the management table area (1) is
searched (step S25). Then the identification code is checked
to judge whether or not there are effective management table
data (step S26). If no effective management table data are
found in the management table area (1) here, the processing
shifts to table copying at step S40 to copy the data read out
of the management table area (0) into the management table
area (1).

If it is judged at step S26 that there is an effective
management table in the management table area (1), the
process shifts to step S27 to read management headers out
of all the sectors in the management table area (1), and
compares the largest number among the management head-
ers in the management table area (1) with the largest number
among the management headers in the management table
area (0) (step S28). If the largest management header in the
management table area (1) is found greater, the process
shifts from step S29 to step S30 to load table data in the
sector whose management header is the largest in the
management table area (1) onto the work RAM, to register
the address of the pertinent table as the main table address,
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and at the same time to register the address of the table of
the sector whose management header is the largest in the
management table area (0) as the reserve table address (step
S31). If it is judged at step S29 that the largest management
header in the management table area (0) is greater than the
largest management header in the management table area
(1), the process shifts to step S32 to register the address of
the table of the sector whose management header is the
largest in the management table area (1) as the reserve table
address.

FIG. 13 is a flow chart showing a detailed procedure of
table copying at step 40 in the flow chart of FIG. 12.

In this table copying, it is first judged whether or not the
discovered table is in the management table area (0) (step
S41). If the discovered table is in the management table area
(0), the leading address of the management table area (1) of
area setting information is made the leading address stored
in the table within the flash memory array at step S42. If the
discovered table is in the management table area (1), the
leading address of the management table area (0) of arca
setting information is made the leading address stored in the
table within the flash memory array at step S43. Then, table
data already loaded on the work RAM are written into the
flash memory array from the aforementioned stored leading
address onward (step S44).

It is then judged whether or not the writing has been
normally completed and, if it has, the pertinent leading
address is registered in the reserve table address column of
the work RAM as the reserve table address (steps S45 and
S46). If the writing was not normally completed at step S44,
at step S47 the next sector in the same management table
arca is made the address at which table data are to be stored,
and the process returns to step S44 to write the table data
loaded on the work RAM. If writing into all the sectors in
the management table area is tried but no normal writing of
table data has been done, it is judged to be a write error and
the processing is ended (step S48).

FIG. 14 shows the procedure of storing data in the
management table area from the work RAM 13§ into the
flash memory array 121.

In this table storing, first the table management header on
the work RAM is incremented (+1) (step S51). Then, the
address next to the reserve table address is made the table
storage address in the flash memory array step S52). Then,
the table data on the work RAM 135 are written at the table
storage address of the memory array (step S53).

Then it is judged whether or not the writing has been
normally completed and, if it has, the table address is
replaced. In other words, the main table address is registered
in the reserve table address column of the work RAM as the
reserve table address, and the latest table address of the flash
memory array is registered in the reserve table address
column of the work RAM as the main table address (steps
S54 and S55). If the writing was not normally completed at
step S54, at step S56 the next sector in the same management
table area is made the address at which table data are to be
stored, and the process returns to step S53 to write the table
data stored within the work RAM into the flash memory
array. If writing into all the sectors in the management table
area is tried but no normal writing of table data has been
done, it is judged to be a write error and the processing is
ended (step S57). Incidentally, when the above-described
table storing is to be executed when power supply is off, the
table replacement at step S55 is unnecessary.

FIG. 15 shows the procedure of address translation in the
flash memory of this embodiment. This address translation
is executed when a command to read, write data or erase data
is entered.



US 6,868,032 B2

13

In the address translation, first, numbers of rewrites
averaging management information is read out of the work
RAM, and the number of block shifts corresponding to the
access address is selected (step S61). Next, according to the
selected number of block shifts, the access address is trans-
lated (step S62). Then, the offset value is computed on the
basis of the translated address, and management information
of the corresponding segment on the defect management
table is selected by using that offset value (step S63). Next,
the management table is searched to judge whether or not the
sector of the pertinent address is registered as a defective
sector (step S64). If the sector to be accessed here is found
registered as a defective sector, alternative address transla-
tion is performed to acquire the alternative sector address of
the corresponding alternative segment (step S65). If the
sector to be accessed at step S64 is found not registered as
a defective sector, no address translation is performed, but
this address is made final (step S66).

Next will be described the operation at the time of turning
on power supply in the flash memory of this embodiment
with reference to FIG. 16. The flash memory of this embodi-
ment is provided in its host interface section 101, though this
is not an absolute requirement, with a source voltage detect-
ing circuit for detecting the source voltage level, a rise
detection signal of the source voltage from this source
voltage detecting circuit is supplied to the interface control
section 110, and internal circuits are actuated (step S71). The
interface control section 110, upon receiving the rise detec-
tion signal, issues an actuation command to the managing
section 130 (step S72).

Then in the managing section 130, the sequencer 132 is
initialized, and processing to load management table data
from the flash memory section 120 onto the work RAM 135
is executed (steps S73 and 574). After the loading of the
management table data is completed, a completion signal is
sent from the managing section 130 to the interface control
section 110, and the interface control section 110 judges
whether or not a preload enable (PRE) signal, entered from
an external device, is asserted at an effective level (e.g. a
high level). If the PRE signal is not so asserted, the process
shifts to a standby status in which a command input from the
outside is waited for (steps S75 and S76).

If the PRE signal is asserted, the process shifts to an
automatic read status in which data in the sector of address
“0” in the flash memory array 121 can be supplied outside
via a buffer memory 123A (step S77). Incidentally, the
configuration is such that when the process shifts to the
standby status of step S76 or the automatic read status, a
signal /MRES indicating this operation is either ready or
busy, supplied from a prescribed external terminal, varies to
a high (or low) level.

FIG. 17 shows the timing of automatic reading at the time
of turning on power supply. This automatic reading is
executed by having the external device assert the PRE signal
at a high level in advance of turning on the power supply.

When the flash memory is actuated in a state in which the
PRE signal is asserted at a high level at the time of turning
on the power supply, the management table is loaded after
an actuation command is sent to the managing section 130
and the managing section is initialized and, after the comple-
tion of loading an automatic read command and an address
indicating “0” are supplied from the interface control section
110 to the managing section 130. Then, the sequencer 132
references this management table, performs address trans-
lation if necessary, and supplies the translated address and
the read command to the flash memory section 120. Data in
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the sector of address “0” in the flash memory array 121 are
read out and stored into the buffer memory 123A.

Next, the sequencer 132 sends the data that have been
read out to the ECC circuit 136 to have them checked for
errors and any error corrected. Upon completion of ECC
processing, a signal indicating transferability is sent from
the managing section 130 to the interface control section
110, and the interface control section 110 varies the signal
/MRES indicating this operation to be either ready or busy,
supplied from the host interface section 101, to a high level.
When the external device detects the variation of this signal
/MRES and enters a read clock RCK into the flash memory,
data held in the buffer memory 123A are transferred to the
external device via the host interface section 101.

FIG. 18 shows the procedure that is taken if any abnormal
writing arises in write processing. It has to be noted that, in
this specification, the terms “writing” and “rewriting” are
differentiated from each other by referring to writing data
into all the memory cells in the data area of one sector as
“writing” and to writing data into only some memory cells
in the data area of one sector as “rewriting”.

When a write operation (step S81) in response to a write
command from the external device has ended and any
abnormal writing is detected by a verify operation, a signal
to notify the abnormal ending is sent from the memory
section 120 to the managing section 130 (step S82). Then,
the managing section registers the pertinent write address in
the management table of the work RAM 1385 as a defective
address (step S83). The managing section performs address
translation to replace it with a normal address in the alter-
native area, and sends the translated address as the write
address to the memory section 120 together with a write
command (step S84). Then, the memory section executes
writing in the replacing sector (step S85). Upon normal
ending of the writing, a signal to notify the normal ending
is sent from the memory section to the managing section.

Next, the managing section checks whether or not an
erasion error flag is standing and, if one is, stores the
management table the work RAM into the flash memory
array (steps S86 and S87). If no erasion error flag is standing
or if, after storing the management table into the flash
memory array, the number of times the sector whose man-
agement table has been rewritten is checked and is found not
to have reached a prescribed level, an end signal is sent to
the interface control section, and the interface control sec-
tion so controls the host interface section as to supply the
end signal outside the chip (step S88). If the number of times
the sector has been rewritten is found to have reached the
prescribed level, after block shifting is carried out by aver-
aging the numbers of rewrites, the end signal is sent to the
interface control section, which so controls the host interface
section as to supply the end signal outside the chip (step
S89).

To add, regarding the erasion flag, since data in the sector
into which writing is to be done is erased by the write
operation at step S81, if any abnormality arises in that data
erasion, an erasion flag will be erected and, at the same time,
replacement is performed to update the management table
within the work RAM. Therefore in this embodiment, it is
checked whether or not the erasion error flag is standing
after the end of writing and, if it is, the management table
within the work RAM is stored into the flash memory array.

FIG. 19 is a flow chart showing the procedure that is taken
if any abnormal erasion arises in erase processing in the flash
memory of this embodiment. Incidentally this erase process-
ing covers both erasion by an erase command and temporary
erasion before writing by a write command from the external
device.
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When the operation to erase data in a sector designated
according to an erase command or a write command from
the external device (step S91) has ended and any abnormal-
ity in erasion is detected by a verify operation, a signal to
notify the abnormality is sent from the memory section 120
to the managing section 130 (step $92). Then, the managing
section registers the pertinent erase address or write address
in the management table within the work RAM as a defec-
tive address (step S93). Then it performs address translation
for replacement by a normal sector in the alternative area
and, using the translated address as the erase address, sends
an erase command and address to the memory section (step
S94). The memory section executes erasion on the replacing
sector (step S95). Upon normal ending of the erasion, a
signal to notify the normal ending is sent from the memory
section to the managing section. Though this is not an
absolute requirement, the managing section may, when a
signal to notify the normal ending has been received at step
S92, perform processing to raise the threshold voltage of
memory cells in the sector in which the pertinent erasion has
taken place to increase the threshold voltage of any memory
cell less than O V (a depleted state) to above O V.

Next the managing section, after erecting the erasion error
flag, sends an end signal to the interface control section, and
the interface control section so controls the host interface
section as to supply the end signal outside the chip (step
S96). Incidentally, when erasion has been done in response
to a write command, the process shifts to write processing of
FIG. 18 without supplying the end signal.

FIG. 20 shows the flow of usual data reading operation in
the flash memory of this embodiment. This usual data
reading is started by the inputting of a read command and a
read address from the external device to the flash memory.
The read address consists of a sector address SA and a
column address CA designating any byte data in the sector.

The entered read command controls the interface control
section to be sent to the managing section, which performs
address translation by using the management table. This
address translation involves the address having undergone
block shifting by the averaging of the numbers of rewrites
and the replacing address resulting from the defective
address replacement. After the address translation, the read
command and translated addresses SA' and CA are sent from
the managing section to the memory section. Then in the
memory section, data in a designated sector of the flash
memory array 121 and data in the next sector are read out,
and held in the buffer memories 123A and 123B, respec-
tively.

Upon completion of reading data out to the buffer
memories, a signal to notify the completion is sent from the
memory section to the managing section and, in response to
this signal, the managing section controls the DMA transfer
control circuit 137 and the ECC circuit 136 to perform error
detection and correction for data in the buffer memory 123A
first. Upon completion of this ECC processing, the manag-
ing section notifies the interface control section of
transferability, and the interface control section informs of
the external device of the readiness by using a read/busy
signal /RB.

Then, in response to the inputting of a clock from the
external device, data in the buffer memory 123A are sup-
plied outside the chip, and transferred to the external device.
In parallel with the data transfer, error detection and cor-
rection processing is executed for data in the buffer memory
123B. Upon completion of this ECC processing, the inter-
face control section is informed of the transferability of data

10

15

20

25

30

35

40

45

50

55

60

65

16

in the buffer memory 123B. Upon completion of the transfer
of data in the buffer memory 123A, the transfer of data in the
buffer memory 123B is started in response to a request from
the external device.

FIG. 21 shows the flow of sequential reading operation in
the flash memory of this embodiment. This sequential read-
ing is a function that is actuated by the inputting of a
sequential read command and read address from the external
device to the flash memory, and can read out all the data
from the read address onward as long as the external device
continues inputting the clock. The sequential reading is done
in a procedure of usual reading illustrated in FIG. 20.

The sequential reading differs from the usual reading
shown in FIG. 20 as described below. In the usual reading
shown in FIG. 20, data are first read out to the first buffer
memory 123A and the second buffer memory 123B and,
while the data in the buffer memory 123A are being exter-
nally transferred, those in the buffer memory 123B are
subjected to error correction. In the sequential reading, data
reading to and error correction in the buffer memory 123A
are performed; while the external device is being informed
of the transferability, data reading to the buffer memory
123B is performed; and while data in the buffer memory
123A are being externally transferred, data in the buffer
memory 123B are subjected to error correction. Another
feature of the sequential reading is that, every time a data
transfer from one of the buffer memories is completed, a
sequential read command is sent from the interface control
section to the managing section.

FIG. 22 shows the flow of data rewrite operation in the
flash memory of this embodiment. Data rewriting is started
by the inputting of a rewrite command, a rewrite address and
rewrite data from the external device to the flash memory.
While the write address consists only of a sector address SA
for designating a sector, the rewrite address consists of a
sector address SA and a column address CA for designating
any desired byte data in the sector. The entered rewrite data
are once stored into the buffer memory 123A. The interface
control section, upon receiving the rewrite command, issues
a read command to the managing section and at the same
time counts the number of bytes of the rewrite data to be
entered to inform the managing section of the size of the data
to be transferred.

Then the managing section performs address translation
by using the management table, and sends to the memory
section the read command and the translated addresses SA'
and CA. In the memory section, data (of 2096 bytes) in the
data area in the designated sector of the flash memory array
121 and management data (of 16 bytes) in the sector
management area are read out, and held in the buffer
memory 123B. Upon completion of the reading of data into
the buffer memory 123B, a signal to notify the completion
is sent from the memory section to the managing section,
and 1in response to this signal the managing section controls
the DMA transfer control circuit 137 and the ECC circuit
136 to perform error detection and correction for data in the
buffer memory 123B.

Then, upon completion of the ECC processing, the man-
aging section controls the DMA transfer control circuit 137
to transfer the rewrite data held in the first buffer memory
123A to the second buffer memory 123B and to synthesize
the data. More specifically, out of the data of 21162 bytes of
one sector read out of the flash memory array, data in the
position designated by the external device by the column
address CA are replaced by the rewrite data held in the first
buffer memory 123A. Then, the managing section controls
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the DMA transfer control circuit 137 and the ECC circuit
136 to generate an ECC code for the rewritten data in the
second buffer memory 123B.

After that, an erase command and address are sent to the
memory section to have data in the sector to be rewritten
erased. Upon completion of the erasion, as a completion
signal is supplied from the memory section to the managing
section, the managing section causes data in the buffer
memory 123B to be written into the sector to be rewritten by
sending a write command and address to the memory
section. Upon completion of the writing, as a completion
signal is supplied from the memory section to the managing
section, the managing section sends the completion signal to
the interface control section, and the interface control sec-
tion controls the host interface section to supply the comple-
tion signal to the external device.

FIG. 23 shows the flow of data erase operation in the flash
memory of this embodiment. The erasion of data is started
by the inputting of an erase command and an erase address
from the external device to the flash memory. Incidentally in
this embodiment of the invention, erasion is carried out on
a sector-by-sector basis.

When the erase command is entered, a clear signal is sent
from the interface control section 110 to the first buffer
memory 123Ato clear it of all the data, and at the same time
a read command and address are sent to the managing
section 12. This address is an address to designate the sector
subject to erasion. The purpose of sending the read com-
mand is to set aside management information into the buffer
memory in advance because, as shown in FIGS. 6(A) to
6(C), each sector has a management area for storing sector
management information in addition to the data area for
storing data as such, and erasion on a sector-by-sector basis
would result in erasion of this management information
together.

Upon receiving the read command, the managing section
performs address translation by using the management table,
and sends the read command and the translated addresses
SA' and CA to the memory section. In the memory section,
data (of 2096 bytes) of the data area 121 and management
data (of 16 bytes) in the sector management area of a
designated sector in the flash memory array are read out and
held in the second buffer memory 123B. Upon completion
of the data into the buffer memory 123B, a signal to notify
the completion is sent from the memory section to the
managing section and, in response to this signal, the man-
aging section controls the DMA transfer control circuit 137
and the ECC circuit 136 to perform error detection and
correction for the buffer memory 123B.

Upon completion of the ECC processing, the managing
section controls the DMA transfer control circuit 137 to
transfer clear data (data corresponding to the erased state of
memory cells) held in the first buffer memory 123A to the
second buffer memory 123B and to synthesize data. More
specifically, out of the 21162 bytes of data in one sector read
out from the flash memory array, 2096 bytes of data exclud-
ing the 16-byte sector management information stored in the
sector management area replace the clear data held in the
first buffer memory 123A. Then, the managing section
controls the DMA transfer control circuit 137 and the ECC
circuit 136 to generate an ECC code for the rewritten data in
the second buffer memory 123B.

After that, an erase command and address are sent to the
memory section to have data in the sector to be rewritten
erased. Upon completion of the erasion, as a completion
signal is supplied from the memory section to the managing
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section, the managing section causes data in the buffer
memory 123B to be written into the sector to be rewritten by
sending a write command and address to the memory
section. This causes the ECC code and the sector manage-
ment information, which has been set aside in the buffer
memory 123B, to be written into the designated sector. Upon
completion of the writing, as a completion signal is supplied
from the memory section to the managing section, the
managing section sends the completion signal to the inter-
face control section, and the interface control section con-
trols the host interface section to supply the completion
signal to the external device.

FIG. 24 shows the flow of operation to shift to the deep
standby mode and that to return from the deep standby mode
to the usual operation mode in the flash memory of this
embodiment.

In the flash memory of this embodiment, there is available
a deep standby mode for completely turning off a boosting
charge pump within the power supply circuit 122 of the
memory section 120, a command for shifting the chip to the
deep standby mode, and a command for returning it from the
deep standby mode. When a command to shift to deep
standby is entered from the external device to the flash
memory, a deep standby signal to instruct a shift to the deep
standby mode is asserted from the interface control section
to the memory section.

Then, the memory section either interrupts a clock sup-
plied to the boosting charge pump within the power supply
circuit 122 or stops the operation of the clock generator
circuit to turn off the charge pump. The flash memory is
thereby placed in a state in which its power consumption is
kept extremely small. When a command for returning from
the deep standby is entered from the external device to the
flash memory, the deep standby signal supplied from the
interface control section to the memory section is negated.
Then, the memory section restarts the clock supply to the
boosting charge pump within the power supply circuit 122
or actuates the clock generator circuit to turn on the charge
pump. It is thereby made possible to generate a high voltage
needed for writing into the memory array or erasing data
therein.

FIG. 25 shows the flow of operation known as hot restart
that takes place at the time of turning on power supply in the
flash memory of this embodiment (see FIG. 17).

In the automatic reading at the time of turning on power
supply shown in FIG. 17, a read command and an address
“0” in the memory array 121 are supplied from the interface
control section 110 to the managing section 130 after the
completion of the loading of the management table, and the
data at the leading address in the memory array are read out
and supplied externally. Unlike that, in the hot restart shown
in FIG. 25, when a PRE signal inputted to a prescribed
external terminal of the flash memory varies to a low level,
after the signal /MRES indicating this operation is either
ready or busy is varied to a low level, a read command and
an address “0” in the memory array are sent to the managing
section without loading the management table, and data at
the leading address in the memory array are read out and
supplied externally. The reason why the management table
is not loaded is that the hot restart is an operation that is done
while power supply is on and the management table that was
loaded when power supply was turned on is already held on
the work RAM.

The PRE signal may be varied to a low level by the
external device, such as a host CPU, but another conceivable
configuration is that, as shown in FIG. 26, a reset switch
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R-SW is connected to an external terminal, to which the PRE
signal is inputted, of a flash memory 100, and a signal
/MRES indicating either a ready or a busy state supplied
from the flash memory 100 is inputted to the reset terminal
of a host CPU 200, wherein the flash memory is enabled to
function as a boot device by storing at the leading address
(“0”) of the memory array of the flash memory the program
to be executed first at the time of actuating the system.

For instance, if the power source of the system is actuated
by turning on a power switch (not shown) in a state in which
the reset switch R-SW is set to the source voltage terminal
Vcce as shown in FIG. 26, the PRE signal rises to a high level
with the rise of the source voltage Vcc as shown in FIG.
27(A). As a result, the flash memory, when it enters into a
state in which it can automatically read data at address “0”
in the memory array in accordance with the operation shown
in FIG. 17 and supply them outside the chip, varies the
signal /MRES indicating either a ready or a busy state to a
high level, that indicates a ready state. In the system illus-
trated in FIG. 26, as this signal is inputted to the reset
terminal of the host CPU, the CPU is released from the reset
state, and enabled to start a boot operation to read data out
of the flash memory.

If the reset switch R-SW is changed over to the ground
side while power supply is on, the PRE signal will fall to a
low level as shown in FIG. 27(B), and therefore the flash
memory then automatically reads out data at address “0” in
the memory array after first varying the signal /MRES to a
low level in accordance with the operation of hot restart
shown in FIG. 25. When it comes to a state in which it can
supply outside the chip the data that have been read out, the
signal /MRES is varied to a high level. In the system of FIG.
26, as this signal is inputted to the reset terminal of the host
CPU, the CPU is released from the reset state, and enabled
to start a boot operation to read data out of the flash memory.

Next will be described other functions the flash memory
of this embodiment is provided with.

The flash memory of this embodiment is provided with a
plurality of commands for testing use. FIGS. 28(A) and
28(B) show the procedures of operation when one or the
other of two such commands for testing use have been
entered. When a first test command is entered, as shown in
FIG. 28(A), the managing section 130 computes the total
number of alternative sectors by referencing the reserve
alternative area management information (FIG. 7(C)) of the
management table in the flash memory array 121 and adding
the number of entries (step S101), and writes the number of
already used alternative sectors in the alternative area into
the regular area of the flash memory array (step S102).
Therefore, by reading out this number of used alternative
sectors when sorting products and determining those prod-
ucts in which the number of unused alternative sectors is less
than a prescribed level, it is made possible to guarantee a
number, not below a certain level, of defective sectors which
can be replaced in a state of normal use and thereby to
enhance the reliability of products.

When a second test command is entered, as shown in FIG.
28(B), the managing section 130 computes the total number
of alternative sectors by referencing the reserve alternative
area management information (FIG. 7(C)) of the manage-
ment table in the flash memory array 121 and adding the
number of entries (step S111); at the same time reads out the
number of used alternative sectors written into the memory
array when the first test command was entered (step S112),
judges whether or not the number of used alternative sectors
has increased (step S113) and, if it has, sets a flag (step S114)
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or, if it has not, ends the processing without setting a flag.
This flag can prevent products whose defective sectors
increase in a short period of time from being shipped as
satisfactory products by, in conducting an aging test for
instance, entering the first test command before the aging
test, inputting the second test command after that test to
finalize the flag, referencing the flag in subsequent sorting,
and determining products with an erected flag to be defec-
tive products.

It is also conceivable to write the number of used alter-
native sectors at step S102 of FIG. 28(A) into the work RAM
135 instead of into the flash memory array. It is also
conceivable to provide either in the flash memory array 121
or in the work RAM 135 the flag to be set at step S114 of
FIG. 28(B). The determination of any increase in the number
of used alternative sectors at step S113 of FIG. 28(B) may
merely concern whether or not there has been any increase
but may as well concern whether or not the increase is by a
prescribed number or more.

Next will be described another flash memory which
embodies the present invention in a different mode. In this
embodiment, if the management table to be loaded from the
flash memory array onto the work RAM at the time of
turning on power supply fails to be normally read out, access
to the memory array will be refused. A conceivable way to
realize this is, for instance, to so configure the managing
section that it can execute processing to judge whether or not
the management table has been normally read out and, if it
has been, to set a flag and processing, as shown in FIG. 29,
to reference a flag indicating the completion of management
table loading (step S122) when a command to access the
flash memory array has been entered (step S121) thereby to
check whether or not the table is normally loaded (step
$123), and to permit access to the flash memory array only
when the table is normally loaded (step S124) or to refuse
access to the flash memory array when the table is not
normally loaded, to issue a signal indicating a table error
(step S125) or to set a prescribed bit in a status register.

Although the invention made by the present inventor has
been described in specific terms with reference to embodi-
ments thereof, obviously the invention is not confined to
these embodiments, but can be varied in many different
ways without deviating from its essentials. Each of the
embodiments described above is a binary flash memory in
which each memory element (memory cell) can store data of
one bit each, but the invention can also be applied to a
multiple value flash memory in which each memory element
can store data of two or more bits each.

Further, although the foregoing description of the embodi-
ments did not touch on the specific configuration of the
memory array, the invention can be applied not only to the
so-called AND type or NOR type flash memory in which a
plurality of memory elements are connected in parallel
between bit lines and source lines but also the so-called
NAND type flash memory in which memory elements are
connected in series. The invention is further applicable to
not only two-layered gate type memory cells each having a
floating gate and a control gate but also to MONOS type
memory cells each having a charge accumulating layer,
consisting of a nitride film, between a control gate and a
channel. In this case, electric charges may be accumulated in
either the whole charge accumulating layer to store infor-
mation of one bit each or part of the charge accumulating
layer to store information of two or more bits each.

Regarding the embodiments of the invention, while
NAND/AND/SAND type flash memories in each of which
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address information and data are multiplexed and inputted/
outputted via the same I/O terminal have been described in
specific terms, such memory may be further be provided
with a flash memory interface in which address and data are
separately inputted/outputted via different I/O terminals. In
that case, terminals indicating the type of interface may be
further provided, or the selection can be triggered by the
failure to select any terminal indicating the type of interface,
described with respect to the embodiments. Also, some of
the I/O terminals, for instance I/O [15:8], can be used as
address terminals and others, [7:0], as data terminals.

While the foregoing description concerned the invention
achieved by the present inventor mainly with respect to flash
memories, which constitute the background field of the
invention, the invention is not limited to what has been
described above, but can be extensively utilized for semi-
conductor memories having nonvolatile memory elements
which store information by applying a voltage and varying
the threshold voltage.

Advantages achieved by the invention disclosed in this
application in its typical aspects will be briefly described
below.

Thus, as the nonvolatile memory has a replacing function
and an error correction according to the invention, there is
no need to have an external controller process replacement
or error correction, it is made possible to reduce the load on
the system developer and, since a plurality of sets of
information address translation are stored, it is made pos-
sible to avoid, even if any set of address translation infor-
mation is lost, an abnormal state in which the system
becomes unable to operate by having another set of such
information to be substituted for the lost information.

Furthermore, because a plurality of sets of information
address translation are stored in succession in two or more
areas, even if data in any area storing address translation
information is lost as a result of a writing or erasing
operation, address translation information stored in other
arcas is not lost, so that an abnormal state in which the
system becomes unable to operate can be avoided without
fail.

What is claimed is:

1. A nonvolatile memory comprising:

a memory array; and

a control circuit;

wherein said control circuit controls performance of
operations in accordance with command received from
outside;

said operations include a read operation, a write
operation, and an erase operation;

said memory array has a plurality of areas;

each of said areas includes a plurality of blocks;

each of said blocks includes a plurality of memory cells,
each of said memory cells being capable of electrical
writing and electrical erasing of data,
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a first area of said plurality of areas is capable of storing
data received from outside to said plurality of memory
cells of one block selected in accordance with a logical
address received from outside;

a second area of said plurality of areas is capable of
storing management information, which includes
address translation information for address translating
said logical address received from outside to a physical
address for selecting said one block in said first area in
accordance with said logical address;

when first address translation information for translating
from a first logical address to a first physical address is
already stored in a first block in said second area and
said control circuit receives a first command for said
write operation accompanied with a second logical
address and data, said control circuit controls the fol-
lowing operations:

reading said first address translation information from
said first block in said second area;

modifying said first address translation information to
second address translation information for translating
from said second logical address to a second physical
address; and

storing said second address translation information into a
second block in said second area.

2. A nonvolatile memory according to claim 1,

wherein said memory array comprises a plurality of word
lines, and

wherein all of said plurality of memory cells in one block
are coupled to a corresponding one of said word lines.

3. A nonvolatile memory according to claim 2,

wherein said memory array comprises a plurality of block
groups, each including a plurality of said blocks,

wherein said first block belongs to a first block group
different from a second block group including said
second block.

4. A nonvolatile memory according to claim 3,

wherein address translation information and other infor-
mation of said management information are stored to
one block of said first block group or said second block
group together.

5. A nonvolatile memory according to claim 4,

wherein after management information has been stored in
all of said blocks of said first block group and before
further management information is stored in a block of
said first group, all management information stored in
said blocks of said first block group is erased.

6. A nonvolatile memory according to claim 5,

wherein after management information has been stored in
all of said blocks of said second block group and before
further management information is stored in a block of
said second group, all management information stored
in said blocks of said second block group is erased.
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